Abstract -At the hundredth anniversary of the Tunguska event in Siberia it is appropriate to discuss measures to avoid such occurrences in the future. Recent discussions about detecting, tracking, cataloguing, and characterizing near-Earth objects (NEOs) center on objects larger than about 140 m in size. However, objects smaller than 100 m are more frequent and can cause significant regional destruction of civil infrastructures and population centers. The cosmic object responsible for the Tunguska event provides a graphic example: although it is thought to have been only about 50 to 60 m in size, it devastated an area of about 2000 km 2 . Ongoing surveys aimed at early detection of a potentially hazardous object (PHO: asteroid or comet nucleus that approaches the Earth's orbit within 0.05 AU) are only a first step toward applying countermeasures to prevent an impact on Earth. Because "early" may mean only a few weeks or days in the case of a Tunguska-sized object or a longperiod comet, deflecting the object by changing its orbit is beyond the means of current technology, and destruction and dispersal of its fragments may be the only reasonable solution. Highly capable countermeasuresalways at the ready-are essential to defending against an object with such short warning time, and therefore short reaction time between discovery and impending impact. We present an outline for a comprehensive plan for countermeasures that includes smaller (Tunguska-sized) objects and long-period comets, focuses on short warning times, uses non-nuclear methods (e.g., hyper-velocity impactor devices and conventional explosives) whenever possible, uses nuclear munitions only when needed, and launches from the ground. The plan calls for international collaboration for action against a truly global threat.
INTRODUCTION
A new search program to be initiated by NASA will identify, track, and catalog 90% of potentially hazardous objects (PHOs: asteroids and comet nuclei that approach the Earth's orbit within 0.05 AU and could collide with Earth) larger than 140 m in size. However, just as objects less than 1 km in size were found in the first survey for objects larger than 1 km, so objects smaller than 140 m will be found in the new survey. More importantly, objects smaller than a few hundred meters are of significant interest because they are several 100 to 1000 times more numerous than kilometersized objects, are fainter and more difficult to detect, and will likely provide much shorter warning times between discovery and impact. Despite their size, even the smallest of these PHOs can have devastating effects, as the Tunguska event of 30 June 1908 has shown. In addition, threats from long-period comet 1 The article is published in the original. nuclei, although relatively rare but large (sometimes tens of kilometers in size), cannot be accurately predicted because of their long orbital periods and rapid transit times through the inner solar system. As an example, Comet C/1983 H1 (IRAS-Araki-Alcock), which was discovered on 27 April 1983 and has an orbital period of 963.22 years, had a close encounter with the Earth only two weeks later, on 11 May 1983, at a distance of 0.0312 AU. Two other long-period comets came even closer to Earth: D/1770 L1 Lexell at 0.0151 AU and 55P/1366 U1 Tempel-Tuttle at 0.0229 AU.
Setting aside the societal implications of impacts, astronomers have argued that asteroids and comet nuclei are the remnants of planet formation (Marov, this conference; Shustov and Rykhlova, this conference) and have collided with planets throughout the history of our planetary system. The evidence is clear from the impact craters on the Moon, Mars, Mercury, and other moons in our solar system, as well as from over 160 identified impact craters on Earth. These impacts have occurred throughout the history of our planetary system and indeed still occur. The Tunguska event in Siberia and the collision of Comet Shoemaker-Levy 9 with Jupiter in 1994 are reminders and warning signals that we should take seriously. The extinction of the dinosaurs has been attributed to the impact of a large asteroid or comet nucleus on Earth (Bottke et al., 2007 Others have argued that there are many natural disasters such as hurricanes, typhoons, tornados, earthquakes, tsunamis, and volcanic eruptions that occur much more frequently than impacts of cosmic objects with the Earth. Thus it would behoove us to concentrate our attention on avoiding catastrophes from such events. Three facts undermine this argument. First and perhaps most important, it considers only the probabil-č ity aspect of risk assessment. Risk assessment requires that likelihood and consequence be convolved. Because the potential consequence of PHOs is so great, consideration of probability alone is not appropriate (Chapman and Mulligan, 2002) . Second, prevention of catastrophic loss from other natural events is based almost entirely on early warning systems. Similarly, such warning systems for PHO detection are in place and are being further improved to identify smaller objects, down to about 140 m in size. Third, there are no known or likely forceful countermeasures for other natural hazards. In sharp contrast it is within our reach to develop countermeasures against the collision of a cosmic object with Earth. Alt the elements of the technology to defend our planet are in hand; we need only tailor and deploy the technologies to meet the need. !n the discussion that follows, we illustrate a comprehensive plan for countermeasures against collisions of asteroids and comet nuclei with Earth.
COLLISIONS WITH A SMALL ASTEROID OR COMET NUCLEUS CAN DEVASTATE CIVIL INFRASTRUCTURES AND POPULATION CENTERS
The size distributions shown in Figs. 1 and 2 suggest that small objects will be encountered most frequently 
